Abstract. Since the discovery of the J/ψ, the quark model was very successful in describing the spectrum and properties of heavy mesons including only qq components. However since 2003, with the discovery of the X(3872), many states that can not be accommodated on the naive quark model have been discovered, and they made unavoidable to include higher Fock components on the heavy meson states. We will give an overview of the success of the quark model for heavy mesons and point some of the states that are likely to be more complicated structures such as meson-meson molecules.
Introduction
In November 1974 the Brookhaven National Laboratory [1] announced the discovery of a new particle, called J. Almost at the same time the existence of another new particle, called ψ, was reported by the Stanford Linear Accelerator [2] . Both particles shared similar properties and were interpreted as astate made of a new quark, the charm quark, previously predicted by the GIM mechanism [3] which explained the suppression of flavor changing kaon weak decays. These discoveries started a fast development of particle physics that is known as the November Revolution.
Very soon after, the Υ(1S ) was discovery at Fermilab [4] at higher energies confirming the existence of a fourth quark, the bottom quark. Until 1980, 11 states were collected by the Particle Data Group in these energy ranges [5] (see Table 1 ).
In 1978 the Cornell model [6] was developed and it already took into account the most important features of the quark-antiquark interaction in the heavy sector. The basic assumptions of the model were that the interactions were governed by S U(3) color gauge symmetry with flavor only broken by the quark masses. It includes a coulomb term, induced by a onegluon exchange interaction, and a phenomenological confining interaction, that was taken to be linear. The interactions were flavor independent and spin independent, implementing the well known nowadays Heavy Flavor Symmetry and Heavy Quark Spin Symmetry.
The original naive quark model from Cornell was very successful in explaining the charmonium and bottomonium spectrum [7] . The model parameters were fitted to the 11 states mentioned before. The model gave predictions mainly for the bottomonium spectrum and comparing with the data of the PDG 2003 [8] , where 15 states were added, all the predictions were on the correct energy range. In order to give a better description of the spectrum − more elaborate models were developed being some of the most representative the model of Godfrey and Isgur [9] and the model of Ebert et al. [10] . The situation changed completely in 2003 with the discovery of the X(3872) by the Belle Collaboration [11] and very soon after confirmed by the CDF [12] , D0 [13] and BaBar [14] Collaborations. This state could decay into J/ψρ, an isospin 1 channel, which ruled out completely a pure cc interpretation. Its closeness with the D 0D * 0 threshold suggested a molecular interpretation and clearly showed that the naive quark model was not enough to explain this state.
The number of states on the charmonium and bottomonium region has increase since 2003 and in the PDG 2017 [15] a total of 57 states are quoted, some of them with a clear non-qq nature.
Two meson dynamics and the Chiral Quark Model
In order to understand the X(3872) the two meson dynamics is necessary. The first thing to notice is that quark models for heavy mesons only include color interactions. The interaction generated between mesons for such interactions between quarks cancels since mesons are colorless objects. However in the case of open charm meson-antimeson states the interaction between light quarks is also relevant.
In the light quark sector another important feature of QCD arises. The QCD Lagrangian is Chiral symmetric for massless quarks. However Chiral symmetry is not realized in the light meson sector, and the small masses of light quarks can not explain the breaking observed. This breaking is understood due to the spontaneously symmetry breaking of the QCD vacuum which generates the appearance of Goldstone bosons. For exact symmetry the Goldstone bosons are massless, however in the case of two flavor QCD they are light bosons which we can clearly identify with pions. The important point here is that now light quarks can interact through the exchange of Goldstone bosons, and these interactions are colorless, so they don't cancel between colorless objects. This is a way to build the two meson dynamics from the quark interaction.
With these ideas the Chiral Quark Model was developed [16] and extended to S U(3) [17] . It has extensively used in the literature to study the NN interaction [18] , the baryon spectrum [19] and the meson spectrum [17, 20, 21] .
With the interaction between quarks we use the Resonanting Group Method (RGM) [22] to obtain the interaction between mesons (diagrams on the first row of Fig. 1 ) or transitions from a two meson channel to another (diagrams on the second row of Fig. 1 ), which are the so called rearrangement processes.
However the dynamics between two meson states is also governed by the coupling with one meson states. This is clear since one meson states decays strongly into two meson states through OZI allowed decays, and it was already taken into account in the original Cornell Model [6] . A simple an efficient way to account for such processes is to used a phenomenological 3 P 0 model [23] . It has been extensively used in different systems and it only depends on a parameter that can run with the scale [24] .
With all this in mind one can start from a wave function
where the first term takes into account the relevant cc bare states and the second incorporates the two meson components. One ends up with a Schrödinger type equation
with
an effective potential between mesons due to the coupling with barestates, being h αβ (P) the vertex function given by the 3 P 0 model. Here it is important to notice that the states that give a higher contribution are those close to the threshold, being attractive when the state is above and repulsive when the state is below.
Threshold effects in the heavy meson spectrum
There are many states that can be accommodated in the naive quark model or given basically by a two meson molecule. However this is not always the case and an example is the already mentioned X(3872). As explained before this state has properties that rules out a naive quark model interpretation, however it could be a two meson molecule. Its nature has important consequences since we have in hand important symmetries as Heavy Quark Spin Symmetry and Heavy Flavor Symmetry. This has been studied in the pure molecular picture in Refs. [25, 26] . The unavoidable consequence is that the existence of the X(3872) in the 1 ++ sector implies the existence of a partner in the 2 ++ channel in the charmonium sector, and the existence of their analogs in the bottomonium sector. None of this states have been found and in particular the bottom analog of the X(3872) has been searched by the CMS [27] , the ATLAS [28] and the Belle [29] Collaborations and no state was found.
This fact suggests that the state should have a different nature. In the energy region of the X(3872) most quark models predict states with a higher mass around 3910. However the closeness of the DD * threshold implies that there should be a mixing between naive quark model states and two meson components. It has been shown in Ref. [30] that, in the Chiral Quark Model, a state near the D 0 D * 0 threshold appears when the coupling with the naive χ c1 (2P) state is considered, since this state is close enough to give a sizeable attraction. A similar calculation at baryon level has been carried out in Refs. [31, 32] .
In this picture the consequences of HQSS and HFS are different. The model has these two symmetries [33] in the heavy sector. However the mass difference between the D and D * mesons, which is around 100 MeV, plays an important role since the relative position between the naive quark model states and the relevant thresholds changes from one channel to the other. This energy region has been analyzed in detailed in Ref. [34] . There it was demonstrated that the 2 ++ analog does not appear within the model. The naive quark model states get dressed but only an additional state is found in the 1 ++ channel (the X(3872)) an one in the 0 ++ channel. The 2 ++ state is interesting because its decay properties suggest that the states X(3915) and X(3930) could be the same state with these quantum numbers. This situation agrees with Ref. [35] .
In the 0 ++ channel two states appear. In this channel there were originally two experimentally measured states, the Y(3940) and the X(3915), which later on were seen as the same by the community. It was even relabeled by the PDG as the χ c0 (2P) although this assignment has been abandoned. If the X(3915) is the 2 ++ state then one of the 0 ++ could be the Y(3940) and the other a recently measured resonance called X(3860).
However, as mentioned before, threshold effects are not always essential. Recently the LHCb Collaboration measured four new resonances [36, 37] , namely, the X(4140), X(4274), X(4500) and X(4700), with quantum numbers 1 ++ for the first two states and 0 ++ for the last two states. As these states are well above threshold one would expect that the coupling with two meson states were very important. In Ref. [38] these states have been analyzed. Results indicate that the X(4274) could be basically the χ c1 (3P) state with some dressing from nearby thresholds. The same situation is found for the X(4500) that could be the χ c0 (4P) and the X(4700) the χ c0 (5P). For the X(4140), that could be a threshold cusp, no candidate has been found.
Summary
The naive quark model has been very successful at explaining the spectrum of heavy mesons in the charmonium and bottomonium regions. However with the discovery of the X(3872) in 2003 it became clear that more complex structures than quark-antiquark states should be present. Although the naive quark model represents a good guidance to understand the spectrum, the mixing with nearby two meson thresholds have to be taken into account.
Some times the mixing only represents a dressing of naive quark model states, without a big change of their properties. However, in some cases, the mixing implies the existence of additional states with respect to the ones predicted by the naive quark model.
On the other hand the picture for two meson molecules could be quite different when mixing with one meson states are taken into account. In particular expected symmetries as HQSS and HFS sometimes are not realized and results differ drastically from the expectations due to these symmetries.
